Surgical treatment planning for the single-unit implant in aesthetic areas
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The clinical application of multiple implant-supported restorations in edentulous jaws has proven to be a predictable long-term treatment (1, 2) . The implant-supported restoration has also been proposed for the replacement of the single tooth (48) .
The single-tooth implant restoration has changed treatment planning of the missing tooth in the anterior sextant. Clinical situations in which singletooth implants are considered the first option include 1) edentulous areas delimited by non-restored teeth, 2) edentulous areas delimited by intact restorations and 3) dentitions with diastemata (25) .
The success rate of implant-supported singletooth restorations is comparable to that of implantsupported prostheses in totally edentulous patients (Table 1) . However, the goal of modern implant therapy in aesthetic areas is no longer represented just by the successful osteointegration of the implant. The final result has to be an implant-supported restoration surrounded by a soft and hard tissue environment in harmony with the existing dentition (82) .
Although current dental technology allows creating artificial teeth perfectly matching the natural tooth, the soft and hard tissue surrounding the restoration cannot always be reconstructed. To pursue a predictable aesthetic result with the single-tooth implant, the practitioner needs to consider all the variables that influence the final outcome before the treatment is provided. Furthermore, surgical procedures must be performed precisely. An error in soft tissue management or implant positioning, despite the presence of a sufficient volume of soft tissue and bone, may lead to a major aesthetic failure.
This chapter discusses the surgical treatment planning of implant placement for a single-tooth restoration in aesthetic areas. Pre-surgical determinants, surgical procedures and treatment sequenc-
Patient evaluation
The patient evaluation should be comprehensive and consist of medical history and dental examination. The medical history must be evaluated for systemic conditions to prevent complications during the treatment. Non-controlled diabetes or chronic therapy with corticosteroid may alter the patient's healing ability and may jeopardize the surgical outcome. Smoking is a factor that may affect both implant osteointegration and the soft tissue healing.
The dental examination should consider active infections: caries, endodontic lesions and periodontitis. All the infective conditions should be treated before implant placement. Occlusal conditions are evaluated on a diagnostic cast. A diagnostic wax-up of the reconstructed site and radiographic examination should complete the documentation necessary for the surgical planning.
Implant site evaluation
To evaluate the implant site in aesthetic areas, the following determinants should be considered:
O smile line O soft tissue morphology O tooth morphology O osseous architecture. 
The smile line
The aesthetic zone is delimited by the lip perimeter. The amount of tooth surface and gingival tissue displayed during speech and smiling is determined by the tonus of the orofacial muscles that influence the movement of the upper lip (66) . The average smile is described as the position of the lip showing 75% to 100% of the maxillary incisor and the interproximal gingiva (107) . The high smile line differs from the average smile line because of additional exposure of gingival tissue. The low smile line exists when less than 75% of the maxillary teeth are displayed. The high smile line poses greatest concern for implant-supported single-tooth restorations in the aesthetic area. The restoration and the gingival tissue will be completely displayed and the soft tissue contour, color and shape of the restoration have to be perfectly reconstructed to please the observer's eyes. The low smile line is a less critical situation for the implant-restoration interface, which will be hidden behind the upper lip.
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The soft tissue morphology
The position of the gingival tissue around a tooth is determined by the connective tissue attachment level and by the bone level. Two different periodontal biotypes have been described in relation to the morphology of the interdental papilla and the osseous architecture (79, 113) : the thin scalloped periodontium and the thick flat periodontium.
The thin scalloped periodontium is characterized by a thin and scalloped osseous housing of the tooth and by a thin gingival tissue with long interdental papillae. The thick and flat periodontium is characterized by a thick osseous structure and flat morphology, thick gingival tissue and short and wide papillae (13) .
In health, the interdental papilla fills the embrasure space to the apical extent of the contact area. Periodontal disease or surgical trauma may lead to attachment loss or bone loss. The thin and scalloped periodontium has the tendency to develop soft tissue recession in response to trauma or peri-odontal infection (78) . The thick periodontal biotype is relatively resistant to surgical trauma and recession and the presence of periodontal infection leads most likely to pocket formation (79) .
The recession of the interproximal soft tissue creates an empty space in the interdental area called a ''black triangle''. The loss of the interproximal soft tissue seems to correlate with the distance between the base of the contact area and the bone crest (105) . For a distance equal to or less than 5 mm the interdental papilla is always present. For a distance of 6 mm and 7 mm or more, the interdental papilla fills the interproximal space in 56% and 27% of the time respectively.
The biological parameters determining the soft tissue position at the proximal site between a tooth and an implant have never been investigated. However, the level of papilla adjacent to a single implant is likely to be influenced by the periodontal attachment of the adjacent tooth (7) .
The buccal soft tissue contour is critical for the natural appearance of the restoration. Two clinical situations may occur.
If the tooth is still present at the implant site, the buccal gingival dehiscence can be corrected by modifying the soft tissue morphology using orthodontic movement of the natural tooth. The forced eruption of the tooth will displace coronally both soft and hard tissue (43) .
If the tooth has been extracted, hard and soft tissue remodeling takes place at the edentulous ridge. The ridge defect can be related to soft tissue collapse, bone resorption or combination of both. The extension of the defect dictates the surgical technique to be used for correction (96) . 
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The tooth morphology
The tooth morphology seems to be correlated with the soft tissue quality (78) . The triangular tooth shape is present with the scalloped and thin periodontium. The contact area is located at the coronal third of the crown, underlining a long and thin papilla. The squared anatomic crown shape combines with a thick and flat periodontium. The contact area is located at the middle third supporting a short and wide papilla.
Loss of interproximal soft tissue in the presence of triangular shaped teeth will display a wider black triangle compared with the situation where a squared tooth is present. The tooth morphology can be modified to compensate for partial interproximal tissue loss. The contact area at the artificial tooth can be positioned more cervically, reducing the volume of the interdental space (82) .
The maxillary central incisor measures on average 7-8 mm mesiodistally and 6 mm faciolingually at the emergence from the soft tissue (110) . A standard 3.75-mm-diameter implant should be placed 3-4 mm apical to the buccal soft tissue level of the adjacent teeth (45) to allow the restoration to merge with a natural profile. A vertical distance of 3-4 mm is needed for a gradual transition from the 4-mm diameter of the implant platform to the 7-to 8-mm dimension of the crown at the gingival margin. If a maxillary lateral incisor is being replaced, the implant would not have to be positioned so far apically since the average diameter of the crown at the gingival level is 5 mm and less room for transition is needed.
A surgical guide is obtained from the diagnostic wax-up. The emergence profile and the shape of the restoration are reproduced on the guide to verify the implant position during placement (Fig. 1) .
The bone morphology
The housing of a standard 3.75-mm-diameter implant requires 6 mm of bone in a buccolingual dimension and 5-6 mm in a mesiodistal dimension (18) . Periodontal disease, endodontic infection and the bone remodeling process after tooth extraction may reduce the bone volume available for implant placement.
The loss of the vertical height of the bone at the implant site represents a limiting factor for achieving an aesthetic outcome. Orthodontic forced eruption (88) , block bone grafting (J-graft) and osseous distraction (15, 33, 75, 76) have been proposed to cor- rect the vertical bone height at the implant site. An edentulous area with extensive vertical loss of osseous structure may not be suitable for single-tooth aesthetic implant restoration. Limitations in bone quantity in the mesiodistal dimension may be due to the root position of the adjacent teeth. Orthodontic movement should be used to change the root position providing the space for implant insertion. A reduced horizontal distance between the tooth and the neighboring implant may adversely affect the bone level at the tooth surface (32) . A minimum of 1.5 mm of bone between the implant surface and the root surface should be present.
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The bone volume at the implant site is measured on computed tomographic films taken with a radiographic template reproducing the proposed position of the final restoration. Periapical radiographs are used to evaluate the mesiodistal position of the roots adjacent to the implant site.
Implant placement into healed site
Several site classifications for single-tooth implant placement have been reported in the literature (14, 
Type 1 healed site
The vertical bone volume is maintained; the thickness of the bone crest is Ø6 mm on the buccolingual dimension. The soft tissue morphology is in harmony with the present dentition (Fig. 2a) .
The implant can be placed in proper position. Since bone volume and soft tissue contour are optimal, no further treatments in addition to the implant placement are needed.
Different flap designs are proposed to gain access to the bone crest with minimal trauma to the soft tissue: envelope flap with crestal incision (14); palatal approach with minimal buccal flap reflection (11, 80) ; and pouch without flap elevation (8, 91) .
The surgical guide dictates the position of the implant. The head of the implant is positioned at the bone crest about 3 mm apical to the level of the buccal soft tissue of the adjacent teeth (Fig. 2b) . Care has to be taken to preserve 1 mm of bone thickness on the buccal wall of the osteotomy site to prevent bone dehiscence and detrimental sequelae to the soft tissue. The long axis of the implant body should be oriented according to the type of restoration planned and as far buccally as possible. For a screwretained restoration, the projection of the long axis of the implant should exit at the cingulum of the tooth outline. If a cemented restoration is planned, the projection of the long axis of the implant should be at the incisal edge of the crown (Fig. 3) .
Once the implant is stabilized, the position is indexed using the surgical guide (42) and transferred to the cast. This allows fabrication of a customized provisional restoration that may be used at the implant uncovering (42) . A cover screw (two-stage) or a healing abutment (one-stage) is positioned on the implant. The flap is sutured and a temporary restoration is placed at the edentulous area during the healing period.
The use of the provisional restoration to improve the quality of the soft tissue at the implant-crown interface has been evaluated in the literature (24, 42, 49, 50, 69) (Fig. 2c) . A more expedient restoration of the interproximal soft tissue by means of the temporary crown at the time of the implant uncovery has been compared to the use of the healing abutment alone (50) . The immediate provisionalization has been proposed to provide maximal soft tissue support after immediate implant placement in aes-thetic areas (113) . Care must be taken to avoid any occlusal contact over the implant during the first 6 months after placement (113) . A complete elimination of the load on an implant-supported restoration is not always possible, and the early loading may jeopardize the implant osseointegration. Al-though the immediate loading of single-tooth implant restoration has been recently evaluated, it cannot currently be considered for routine clinical use (31) .
A modified protocol is proposed for an immediate adaptation of a temporary crown at the time of im- plant placement without connecting the crown to the implant. The early provisionalization is used to improve the soft tissue morphology while avoiding early implant loading.
To access the osseous crest, a tooth form incision is suggested (8, 91) resulting in reduced soft tissue trauma and maximal preservation of the interproximal papilla (Fig. 4a-c) . The bone morphology has to be visualized using computerized tomography and osseous sounding to avoid a dehiscence or fenestration during the drilling phase.
After the implant is positioned, a healing screw is secured on the implant and a removable or fixed temporary pontic (resin bonded to the adjacent teeth) is adapted into the new soft tissue socket in a way that the ideal soft tissue profile for the final restoration is obtained (Fig. 4e-g ). The pontic surface must be polished and cold sterilized. To avoid any contact between the pontic and the implant, a 1-to 1.5-mm distance between the pontic and the top of the healing abutment is left to allow soft tissue healing over the implant screw. The healing process will lead to a thin epithelialized connective tissue barrier covering the healing screw and underlying the pontic surface. No sutures are necessary.
This protocol is indicated in cases of a thin scalloped periodontium with a long and thin papillae present at the time of the implant placement.
Type 2 healed site
The vertical osseous dimension of the site has not been altered. The thickness of the bone crest is Ø6 mm and associated with slight soft and hard tissue collapse in the buccolingual dimension (Fig. 5a, b) .
Soft tissue augmentation may be necessary to re-store the buccal soft tissue profile and develop the emergence of the peri-implant mucosa. Soft tissue plastic procedures can be performed before implant placement or at the time of second-stage surgery (Fig. 5c) . The bone volume available should allow the implant placement in pristine bone. However, the long axis of the implant should lie in a more palatal position since the buccal side of the crest has been resorbed. A more palatal position of the implant body should correspond to a deeper housing of the implant head, about 4-5 mm from the buccal soft tissue of the adjacent teeth. The position of the head should permit enough transition room to restore the emergence profile of the crown (Fig. 5d, e) .
Type 3 healed site
The vertical dimension of the site has not been altered but the buccal bone loss does not allow for implant placement in a correct position. The thickness of the bone at the crest is AE5 mm and Ͼ3 mm. To allow the implant proper positioning, adjunctive treatments to augment the osseous crest are needed. Soft tissue plastic procedures may also be necessary to restore the soft tissue contour.
The augmentation of the osseous ridge can be achieved using procedures that modify the morphology of the existing bone such as split-crest techniques (28, 94, 98) , ridge expansion with osteotomes (102, 103) or osseous grafts.
The split-crest technique consists in separating the buccal and lingual osseous plate using chisels or knives (28, 94, 98) . After the separation of the crest, a ''green-stick'' fracture is created displacing the two osseous plates buccally and lingually. The implant is positioned whithin the fracture line, stabilized into the apical bone and supported buccally and lingually by the displaced osseous plates. The proximal surfaces of the implant are not in contact with bone at the time of placement. Barrier membranes have been used to enhance bone formation at the proximal surface of the implant (98) . However, newly formed bone in contact with the proximal implant surface has been observed without the use of barrier membranes (95) .
The success rate of the split-crest technique for the single-tooth implant placement is reported to be between 88% to 93% over an observation period of 4-5 years (28, 94) . A reduction in marginal bone height has been observed on the tooth surface at the implant-tooth interface (28) . Interproximal bone loss may lead to loss of the interdental papilla and consequent aesthetic failure of the procedure.
A buccal flap design extended to the adjacent teeth with vertical releasing incisions is suggested to gain access to the osseous crest. A partial thickness dissection provides blood supply to the osseous plate, reducing the possibility of bone resorption (94) . The soft tissue management becomes critical in the presence of a thin and scalloped periodontium and high smile line.
The osteotome technique has been described by Summers (102, 103) . The osteotomy site is prepared using a series of cylindrical instruments (osteotomes) with increasing diameter, inserted into the osseous crest by pressure or by gentle malleting. When the desired diameter of the osteotomy site is reached, the implant is placed. Since the use of drills is limited or avoided, the bone volume is preserved and the bony housing of the implant is obtained by means of compression of the cancellous bone and expansion of the cortical plates. The preparation of the osteotomy site using osteotomes in the presence of soft bone may provide increased density of the bone in contact with the implant surface (102, 103) . When only cortical bone is present, there is risk of fracture of the cortical plates.
A minimal flap design is needed to gain access to the osseous crest. The elevation of the buccal flap can be avoided. The bone morphology has to be visualized by means of computerized tomography or hard tissue mapping.
Since the original description, no study has been reported on the ridge expansion technique, and all indications presented are based on anecdotal data and clinical experience of the authors.
The use of guided bone regeneration by means of barrier membrane, alone or in combination with grafting material, has been widely applied for the treatment of peri-implant defects. For extensive review of the biological principle of guided bone regeneration, see Hämmerle & Karring (40) . The studies presented in the literature show that implant survival rates using the barrier membrane technique are similar to the success rate of implants placed in pristine bone (Table 2 ). However, the success criteria of the implant placed with the use of barrier membrane has never addressed the final outcome in terms of soft tissue morphology, which is of particular concern in aesthetic areas.
One of the most common complications using nonresorbable barrier membranes (expanded polytetrafluoroethylene) is the early exposure of the device and subsequent infection (21, 74, 97, 109) . The 
Type 4 healed site
The vertical dimension of the site has not been altered but buccal bone resorption does not allow for implant placement. The thickness of the bone crest is Ͻ3 mm, associated with significant soft tissue collapse.
A staged approach is suggested. The restoration of the implant site should be performed using techniques for augmentation of the osseous ridge combined with soft tissue plastic procedures. The implant should first be placed after the site is restored (Fig. 6 ).
Type 5 healed site
The vertical dimension of the site has been altered and the buccal bone resorption does not allow for implant placement. The thickness of the bone crest is Ͻ3 mm, associated with significant soft tissue collapse.
A staged approach is suggested. Several surgical techniques are described for augmenting the vertical dimension of the implant site. Bone grafts (J-graft), osseous distraction (15, 33, 75, 76) , segmental osteotomy (44, 63) and guided bone regeneration (101) .
After the implant site is restored properly with re-spect to both hard and soft tissue, the fixture can be placed in ideal position.
Immediate implant placement Treatment rationale
A period of 4 to 12 months between tooth extraction and implant placement is the proposed protocol for implant insertion (18) . However, after tooth extraction, advanced resorption may produce a tapering alveolar crest in which the majority of the hard and soft tissue defect is not surrounded by osseous walls. Furthermore, the long-term interruption of the functional stimulation related to late implantation may lead to a reduction of osseous trabecular pattern and capillary density (23) . The most extensive resorption takes place during the first year following extraction and reaches the maximum rate over the first 6 months, particularly in the saggittal plane in the mandible, and more buccal and horizontally directed in the maxilla (22, 104) .
To reduce the effect of bone remodeling at the extraction site, the immediate placement of implants into fresh extraction sockets has been proposed (58) . Several case reports and clinical studies have shown a survival rate of immediately placed implants ranging between 93.9% to 100%, comparable to the success rate of implants placed into healed sites (Table  3) . 
Advantages of immediate implant placement
Reduced treatment time. The restorative procedures can start as early as 4 to 6 months after tooth extraction.
Hard and soft tissue preservation. Bone volume and soft tissue support are preserved during the remodeling process (9) .
Indications
Indications include a failing tooth due to trauma without bone loss, endodontic lesion, root fracture, extensive caries; adequate bone support for implant stabilization; and intact soft tissue morphology for aesthetics.
Contraindications
Contraindications include active infection: fistulous track and suppuration; an extensive osseous defect, preventing the insertion of the implant in an optimal position or the achievement of implant stability; and extensive soft tissue defect so that an aesthetic outcome cannot be anticipated.
When the implant site is not suitable for immediate placement at the time of tooth extraction because of active infection, a waiting period for socket healing is necessary. To avoid bone resorption, the early-delayed placement procedure has been proposed (37, 72, 77) . A period of 6-8 weeks after tooth extraction allows the healing of the soft tissue and the resolution of associated infections (72) . The success rate for the delayed-immediate implant placement ranges between 92% and 95% (37, 72) .
Immediate implant placement sites
Not all extraction sites allow for the immediate implant placement. Several clinical classifications have been proposed for site selection and appropriate surgical procedures (12, 35, 88) .
Determinants to be considered for the surgical treatment planning of an implant placed into an extraction site in aesthetic areas include: 1) the soft tissue contour (interproximal papilla and buccal soft tissue level) and 2) The bone morphology (the thickness of the palatal wall of the socket detected by computed tomography).
Type 1 immediate implant site
The soft tissue contour follows an ideal course in harmony with the present dentition. The palatal wall of the socket measures Ͼ3 mm in the buccolingual dimension at a depth of 3-5 mm from the soft tissue level of the adjacent teeth (Fig. 7) . The implant can be placed at the time of extraction regardless of the morphology of the buccal wall of the socket.
No buccal flap is raised (Fig. 7a) . A 3-mm-deep palatal scalloped incision is performed at the extraction site and extended to lateral teeth while gradually reducing the depth to 2 mm and 1 mm. Palatal scalloping eliminates inflamed coronal soft tissue, a major source of inflammatory cells and cytokines, and provides access for precise palatal osteotomy. A thin and wide elevator with a palatal approach is used for tooth extraction. Buccal fulcrum should be avoided. Forceps may be used only for the final phase of the extraction when the tooth can be rotated out easily. After degranulation of the extraction site, the osseous anatomy is re-evaluated by sounding. Osteotomy is initiated on the palatal wall of the extraction site 3-5 mm apical to the buccal soft tissue contour. A 2-mm round bur under copious irrigation is used with the surgical guide for optimal mesiodistal positioning. At this location a horizontal osteotomy directed toward the palatal cortical plate is performed. While horizontal osteotomy does not penetrate the palatal cortical plate, it provides access to maxillary spongious bone. A 1.5-mm tapered osteotome is placed into the cut and malleted with copious irrigation to initiate the expansion or the splitting of the palatal crest. Larger diameter osteotomes are gradually malleted palatally in order to place the implant in an optimal buccopalatal position (Fig. 7b) . Horizontal expansion of the thin palatal wall of the extraction site is achieved by pushing buccally and laterally the ridge. To increase the availability of osteogenic cells and improve implant integration, the palatal bone must be prepared gradually. The osteotomy site is enlarged to improve its adaptation to the implant and minimize the formation of dead spaces between the implant and the recipient site (Fig. 7c) . The implant is placed into a sound bony housing obtained on the palatal wall of the extraction site, away from the buccal wall of the socket and the socket itself (Fig. 7d, e) . The head of the implant should lie 0 to 3 mm from the osseous crest to a maximal depth of 5 mm from the buccal soft tissue level measured on the adjacent teeth (Fig. 7d, e) . A healing screw or abutment is secured on the No primary soft tissue closure is attempted. Flap closure over the implant has been regarded as a critical factor for the success of immediate implant placement. Several flap designs and techniques for soft tissue management are described to obtain soft tissue primary closure (70, 71, 87) . However, no differences in success rates are reported between a one-stage (nonsubmerged) versus a two-stage (submerged) implant system, used for immediate placement (17, 36, 39, 91, 113) .
The type of provisional prosthesis used during the healing period is critical to optimal healing. The design of the provisional restoration should minimize postsurgical irritation and pressure on the soft tissue.
Immediate installation of a provisional restoration, soft tissue adaptation to the provisional and no need for suturing positively influence the soft tissue healing (113) . A resin-bonded restoration or bonding the coronal portion of the extracted tooth are effective means of preserving or re-creating interdental papillae (49, 50, 113) . 
Type 2 immediate implant site
A type 2 immediate implant site entails a soft tissue dehiscence or partial collapse of the interproximal soft tissue. The buccal wall is partially resorbed. The palatal wall of the socket measures Ͼ3 mm in the buccolingual dimension at a depth of Ͼ5 mm from the soft tissue level.
The soft tissue defect can be corrected and the osseous crest position modified using orthodontic forced eruption (46, 88) . By stretching the gingival fiber apparatus during the forced eruptive movement, tension is imparted to the entire osseous housing of the tooth, stimulating osseous apposition at the alveolar crest, which has the tendency to maintain a constant relationship with the cementoenamel junction. The forced eruption increases the zone of attached gingiva and the interproximal soft tissue level as well, as the mucogingival junction remains stable when the gingival margin migrates co-ronally (Fig. 8) . Orthodontic forced eruption is not indicated in the presence of active periapical lesions and other types of infections.
When the osseous crest reaches the desired position, or the soft tissue profile is corrected, the tooth is extracted and the implant placed according to the technique previously described for the type I immediate implant site.
To correct both hard and soft tissue defects at the extraction site, barrier membrane and/or grafting materials have been proposed (Table 2 ). The use of a barrier membrane with the immediate placement of the implant may lead to complications related to membrane exposure, such as soft and hard tissue dehiscence or loss of the implant. Membrane exposure with immediate implant placement ranges between 0 and 83% (Table 3) .
Type 3 immediate implant site
A type 3 immediate implant site entails deep soft tissue collapse. The buccal wall is totally resorbed or there may be extended periapical or periodontal lesions. The palatal wall measures Ͻ3 mm in thickness. Implant placement requires a staged approach. Extraction of the tooth followed by bone-grafting procedure as well as soft tissue plastic procedures. Hard and soft tissue grafting procedures should be performed before implant placement (Fig. 6 ).
Conclusions
Replacement of the anterior tooth with conventional fixed partial denture or resin-bonded restorations achieves highly aesthetic results. When single-tooth implant restorations are considered in restoring aesthetic areas, the same level of aesthetic outcome should be provided.
Prosthodontic treatment planning is essential in determining whether the single-tooth implant restoration would satisfy the requirements of occlusion, aesthetics, phonetics and preservation of tooth structure. Surgical treatment planning should lead to decisions about the positioning of the implant and hard and soft tissue management to obtain proper housing of the fixture and the ideal soft tissue environment surrounding the restoration.
Patient expectation, smile line, soft and hard tissue morphology should guide the treatment pathway toward a predictable aesthetic result.
